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Abstract
Background: Access to clean water and sanitation is known to decrease childhood mortality,
improve health outcomes, and decrease risk of water-borne diseases. However, access to clean
water is often restricted in impoverished or indigenous communities. This cross-sectional study
evaluated the primary source of drinking water for forty homes, the Est. Cheche river, a local
spring, and a local school in the TsáChila indigenous community of El Bua, Santo Domingo,
Ecuador. This analysis focused on the presence of coliforms and E. coli in the water source
(well or city/piped), the physical parameters of the water and the type of sanitation facilities in
the home. Comparisons were made between water source and level of contamination and water
source and physical parameters, and physical parameters and level of contamination with
coliform or fecal bacteria.
Methods: Analysis of the water samples for total coliforms and E.coli was completed with the
IDEXX Colilert and Quanti-Tray 2000 system. Samples were taken from the primary drinking
water source of 40 homes, the local river (Este. Cheche) and associated spring, and the local
school. Each sample was tested for pH, conductivity, total dissolved solids, salinity and
temperature using an Oakton® PCSTestr 35. In the field laboratory, 100 milliliters of each
sample were mixed with the Colilert substrate, shaken to mix the substrate into solution, and
placed into the quanti-trays and incubated at room temperature (approximately 25° C) for 24
hours. The following day the samples were counted for total coliforms and E. coli quantification
was reported in MPN (most probable number). A member of each household was questioned
about water usage, number of people using the water source, and illnesses. Using SAS Systems
software, univariate and bivariate stratified analysis of selected variables was conducted using
chi-squared tests and Fisher’s Exact test for categorical variables, and t-tests for continuous
variables. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were also constructed.
Source of Data: Site visit to the El Bua community of Santo Domingo de los TsáChilas,
Ecuador on June 4-5, 2018 during the June Shoulder to Shoulder Global Ecuador Brigade.
Results: Statistically significant associations were found between coliform and fecal
contamination in samples from wells compared to samples from piped water (p < 0.0001). These
persisted when the dependent variables were grouped categorically or used continuously.
Statistically significant differences were also found in pH, salinity, and conductivity by water
source (p < 0.0001). Illnesses, including gastrointestinal disease, were not associated with water
source. Grouping of symptoms into upper or lower gastrointestinal illnesses was also not
associated with water source.
Conclusion: This cross-sectional environmental study of well water and city piped water quality
in the TsáChila community of El Bua, Ecuador showed that well water is significantly more
likely to be contaminated with coliforms or E. coli, when compared to city piped water. While
coliform bacteria and E. coli were also found in piped water samples, the levels tended to be
much lower than the well samples. Future interventions should focus on increasing access and
affordability of city piped water.
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Introduction
The importance of access to clean water and sanitation in improving healthcare outcomes has
been known for a long time. Recently the imperative of clean water and sanitation were codified
as Goal 6 in the 2015 Sustainable Development Goals promoted by the United Nations (UN,
2015). The United Nations General Comment 15 outlined in 2002 stated that the global human
right of access to water included water that was “sufficient, safe, acceptable, physically
accessible and affordable” (UN CSER 15, 2002). Although Ecuador constitutionalized her
citizens’ right to clean water and sanitation in 2008, efforts to provide these guarantees are
lacking, especially in rural districts (Fernández & Buitrón Cisneros, 2012)(WHO, 2000).
Furthermore, inequalities in access by certain population groups, such as the indigenous
TsáChila community, further remove these citizens from this goal (Secretería Nacional de
Planificación, 2014) (Heitzinger, 2015). Global non-governmental organizations with a focus on
water and sanitation will often cooperate with local communities to improve their community’s
water and/or sanitation. It is in this capacity that the University of Kentucky College of Public
Health and UK’s Shoulder to Shoulder Global started a program to evaluate potential
contamination in the El Bua community’s water sources and to propose means to improve local
access to clean water.

On June 4-5, 2018, the University of Kentucky College of Public Health spent two days in the El
Bua community of Santo Domingo de los TsáChilas testing household and local water supplies.
Testing was funded by an ongoing environmental health center grants with Dr. Wayne Sanderson
faculty advisor and in conjunction with the Shoulder to Shoulder Global Brigade of the
University of Kentucky. The purpose of the study was to assess coliform and fecal
contamination of the primary drinking water sources in home samples, the El Bua community
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school, and the Est. Cheche river which provides water to local wells, as well as a local
unprotected spring. In addition, a TsáChila guide and Spanish translator assisted public health
volunteers in completing questionnaires at each home regarding personal water usage and health
status of family members. While on site a decision was made to include questions about local
sanitation not included in the original questionnaire, as poor sanitation conditions were noted
throughout the community.

The aim of this study was to examine the primary source of drinking water in the El Bua
community, assess for possible fecal contamination, and assess for an association between fecal
or coliform contamination and source or quality of water. Secondary goals included riskstratifying the drinking sources based on fecal contamination, assessing relationships between
water sources and self-reported gastrointestinal illnesses, and proposing solutions to improve
local drinking water.

Background
The El Bua community is one of seven TsáChila indigenous communities in Ecuador
(Yanapuma.org, 2018). They are spread over the Santo Domingo de Los Colorados province,
living in rural farming communities. El Bua is located approximately 16 kilometers northwest of
Santo Domingo in the Blanco watershed of the Esmeraldas River Basin. The El Bua community
lives in an area adjacent to the Rio Soberano, the Rio Bua, the Est. Cheche, and the Rio Caña
Dulce. A map of the region is shown in Figure 1. Testing sites are shown in Figure 2 with
hyperlink.
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Figure 1. Area of sampling in the El Bua De Los Colorados community, province of Santo Domingo De Los
TsáChilas, Ecuador.

Figure 2. A map showing each testing site in the El Bua community, along the Via a Colorados del Bua
Map can be accessed, with street views possible, at
https://www.google.com/maps/d/u/0/viewer?mid=1FM0sqszdmXgmTC8KO6CHTwScp_eQ_nYC&ll=0.16001624078715146,-79.30154404671174&z=15
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Thirty-three well samples were tested and fourteen city water samples were tested, providing the
water source information for forty homes, approximately 261 members of the estimated 700
people in the El Bua community (Yanapuma.org 2018). Some wells hold water year-round,
while others have periods of drought during the Ecuadorian summer (dry) season. Some wells
are uncovered, and many had vegetation inside of the well. Wells varied from unlined holes dug
directly into the ground to covered cement structures with sheet metal across the top and a rope
bound bucket for hauling water to the surface. Some homes pumped water from their well into a
cistern. Homeowners reported that when or if their well is dry and they do not have city water,
they get water from a neighbor’s well, retrieve it directly from the nearest river or spring, or buy
bottled water. City water is supplied by trucks that bring water for the piped system to a water
tower near the school. From there it is piped to some homes in the vicinity of the school, either
as a single outdoor or indoor faucet. Water service costs a monthly fee starting at about $6 USD
a month, although reports on cost varied.

Ecuador has spent significant resources investing in improved water and sanitation. However,
like many other developing countries, effort and money has first gone to urban areas which now
have much better coverage. The reasons for this are multifactorial but include ease of access,
population density, and higher wealth in cities. According to the World Health Organization and
UNICEF, only 56% of the rural population in Ecuador have access to safely managed drinking
water service and sanitation. The rest of rural Ecuador has either basic service (24.2%), uses
surface water (11.5%) or has unimproved or limited service (8.6%) (WHO/UNICEF WASH
data, 2015). Data exhibiting these findings can be found in figures 3-6 below, and accessible at
http://www.washdata.org/ by entering the country, Ecuador.

6

Like other Ecuadorian rural areas, sanitation is poor in the El Bua community. Water treatment
plants are virtually non-existent in the countryside and local rivers have become polluted from
both agricultural use and sanitary effluent (Voleshenko-Rossin, 2014). Furthermore, most homes
also have animals including chickens, ducks, geese, pigs, cattle, donkeys, and horses living in the
vicinity of the water sources. All are capable of contaminating local water sources. Although
some homes have indoor plumbing connected to a septic tank, others use an open pipe, and some
have a pit latrine. The open drains generally lead away from the home, opening above the river
basin. Both pit latrines and open defecation contaminate the soil and local groundwater by
seeping into local wells, overflowing during heavy rains, or entering through breaks in city water
piping systems. This problem is worsened by local porous volcanic soil which allows pollutants
to filter freely into the groundwater supplies. Water samples were tested for coliforms, which
are found in nearly all untreated water supplies in tropical areas (WHO, 2011). Presence of
coliforms can indicate possible fecal contamination. Furthermore, treated water sources such as
municipal water should not contain coliforms. Their presence indicates either contamination
along the supply line or presence of bacterial growth or biofilms in the water system or supply
lines (WHO, 2011). The presence of E. coli indicates fecal contamination and should never be
found in a drinking water source (WHO, 2011).

Risks to community members from fecal contamination are numerous. These include both health
problems such as growth stunting and anemia in children and gastrointestinal infectious diseases
in both children and adults, as well as economic and social risks. From the perspective of health,
access to clean water and sanitation is known to decrease rates of diarrheal diseases, helminth
infections, and childhood mortality (Berkman, 2002) (Liu, 2012). Social-connectedness,
including geographic proximity and social networks, has also been shown to increase helminth
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infection in Ecuadorian children (Jacobson, 2007). Children growing up in regions with poor
sanitation show smaller stature than neighboring communities with better water and sanitation
services (Cumming, 2016). Finally, improved access to clean water and sanitation leads to
improved economic strength of communities, a critical part of global development (SIWI.org,
2005).

Figure 3. WHO/UNICEF Joint Monitoring Program for Water, Sanitation, and Hygiene (JMP), profile Ecuador.
Accessed at https://washdata.org/data/household. This map shows the percentage of the poorest rural households in
Ecuador with safely managed drinking water and sanitation, and basic status of hygiene.
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Figure 4. Proportion of population in Ecuador using improved drinking water sources and sanitation between 19902015. Accessed at https://washdata.org/data/household#!/dashboard/new

Figure 5. Trends in drinking water service levels, rural Ecuador 2000-2015. WHO/UNICEF WASH data.
Accessed at https://washdata.org/data/household#!/dashboard/new
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Figure 6. Trends in rural sanitation levels, Ecuador 2000-2015. WHO/UNICEF WASH data.
Accessed at https://washdata.org/data/household#!/dashboard/new

Methods
Water samples were taken over the course of two days, June 4-5, 2019 in the El Bua community
of Santo Domingo de los TsáChilas. Water samples collected from forty homes, the local school
(El Bua School), a local spring, and the local river (Est. Cheche) were tested, including
duplicates. Fourteen piped/city water samples (including the school) and thirty-three well water
samples were obtained. Duplicates of three well samples were taken in the field and analyzed
independently. Additionally, two samples each were taken from the Est. Cheche River and an
unprotected spring, for a total of four additional samples. In total, fifty-one water samples were
taken. Permission to test samples from each home was requested by an accompanying TsáChila
community member. With her help, and with the help of an Ecuadorian Spanish translator,
questionnaires regarding water usage, people with shared use of the well or water supply, and
self-reported health status of those people were completed. (English and Spanish questionnaires
in Appendix.)
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Water was sampled from the source identified by the home owner as the primary source of water
for drinking and cooking; residents of two homes reported using the well and piped water
equally. Some homes preferred the well water for drinking and cooking, even if they also had
piped water; other homes only had well water available. In most cases, public health volunteers
were able to collect the sample at the source, but in others the homeowner went into the home
and brought a sample bucket of piped water out to be tested.

Homes that used a well primarily were asked questions regarding if, how, and how frequently the
well was cleaned or treated. Possible answers included none/never, adding chlorine to the well,
letting sediments settle to the base of the well, and boiling prior to usage. Of those participants
that added Chlorox™ to their well, most had not done so within the prior two months. Questions
were also asked regarding where water was obtained if and when the family well was dry.
Answers included getting it from the river or spring, from a neighbor’s or family members’ water
source (as some wells had water year-round) or buying bottled water from the store or delivery
truck. The questionnaire did not originally include questions regarding sanitation. However,
after the first day of sampling, it was clear that type of sanitation and proximity to water source
could be pertinent, so these questions were added the following day. Therefore, there is missing
data for sanitation for approximately half the homes.

At our field laboratory the IDEXX Colilert ® and Quanti-Tray2000 System® were used to

quantify both total coliform and E. coli within drinking water samples. Samples were also tested
on site for physical parameters including: pH, conductivity, total dissolved solids (TDS),
salinity, and temperature using an Oakton® PCSTestr 35 portable testing device.
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IDEXX bottles (100 ml) containing thiosulfate were used to collect water samples from both
well and piped water. When possible, the water outlet (hose or faucet) was sprayed with a
disinfectant (10% sodium hypochlorite) prior to collecting the sample. Buckets that were used to
collect water from wells were not disinfected. Samples were stored on ice throughout the period
of sampling (from 1 hour to 10.5 hours). In the evening of each day, samples from that day were
processed for total coliforms and E.coli concentrations using the Colilert® and QuantiTray®/2000. Manufacturer procedures were followed except for the following adjustments that
had to be made based on field conditions: 1. - a household iron was used to seal the Quanti-Tray
instead of the suggested plate sealer: 2. - Quanti-tray incubation occurred at ambient
temperatures (22-29°Celcius) for 24 to 48 hours instead of the recommended 35°C +/-0.5°
incubation periods. IDEXX’s Quanti-Tray 2000 protocols were followed to calculate Most
Probable Number (MPN) of total coliforms and E. coli (IDEXX 2017).

Using SAS Systems software (SAS Institute, Cary, NC) univariate and bivariate stratified
analysis of selected variables was conducted using chi-squared tests and Fisher’s Exact test for
categorical variables, and t-tests for continuous variables. Adjusted odds ratios (ORs) and 95%
confidence intervals (CIs) were also constructed.

Figure 7. A water sample fluoresces under a wood’s lamp, indicating fecal contamination with E. coli.
The number of squares fluorescing indicates the most probable number of colony-forming units
(MPN)
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Results
The household iron worked well for properly sealing the Quanti-Trays, except in a few instances
where incomplete seal led to some empty cells on a few cards. These empty cells could have led
to underestimating coliform and bacterial counts. Furthermore, incubating the samples at only
22-29° C due to the lack of an incubator may have led to an underestimate of the level of
bacterial contamination in the water samples. A total of thirty-three wells and fourteen city
piped water sources were sampled, including the two city piped samples taken from the school.
The school samples were not included in analysis involving health questionnaires. Finally, two
samples were also taken each from the Est. Cheche River and a local unprotected spring.

Tables 1 and 2 provide the concentration of total coliforms in Most Probable Number (MPN), E.
coli concentrations in MPN, and physical characteristics of the water tested including pH,
conductivity, salinity, and total dissolved solids (TDS) by categories of well samples or
piped/city water samples. Significant differences were found in levels of both coliforms and E.
coli between well samples and city water samples with wells much more likely to be
contaminated with E. coli or have presence of coliforms compared to city water (p < 0.0001 for
coliforms and p = 0.0006 for E. coli).

The physical parameters of pH, Salinity, conductivity, and total dissolved solids were also
significantly different between well and city water samples (p<0.0001 for each, respectively) as
shown in Tables 1 and 2. Well water was much more acidic with a mean pH of 5.7, versus piped
water that had a mean pH of 7.4 (p <0.0001). City water was more likely to have a higher pH,
greater conductivity, and higher salinity. City water had significantly more dissolved solids
versus well water. However, numerically these were clustered around a value of 150 (95% CL
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148.3 to 151.5 with a mean of 149.9, SD 2.79) whereas samples from well water had a much
wider set of values (95% CL 40.77 to 66.33 with a mean of 53.55, SD 36.03), as indicated by the
degree of difference in their respective standard deviations. The significance of this is unknown,
except to say that TDS appears to be consistent over all piped water samples. Total dissolved
solids can also suggest possible contamination of the water source, as flocs or particles read as
dissolved solids have been known to harbor organisms. Salinity and conductivity in city piped
water were also more likely to be more tightly distributed within in a close range of values when
compared to well water (salinity: Well SD 31.56, City SD 2.40) (conductivity: well SD 51.24,
city SD 3.3). These measures reflect mineral content of water.

Analysis of self-reported gastrointestinal symptoms associated with the presence of coliforms did
not show statistical significance at the 0.05 level. These are shown in Table 3 with associated p
values. Of the total number of people served with the sampled water services, thirty-six people
were described with one or more illnesses that could be potentially associated with poor water.
With coliform levels categorized as 1 (no coliforms), 2 (1-50 coliforms MPNs), or 3 (greater
than 50 coliform MPNs) there was no significance with single disease processes, such as
diarrhea, abdominal pain or gastritis, nor was there significance when the disease processes were
grouped into upper or lower gastrointestinal symptoms (such as gastritis or vomiting or stomach
pain as upper symptoms or diarrhea or abdominal pain as lower gastrointestinal symptoms).
Analysis of E. coli and gastrointestinal symptoms also did not show any statistical significance.

Participants were asked whether or not their well was cleaned or cleaned specifically with
Chlorox™. Possible answers included yes, no, or unsure with follow up question asking if
cleaning had been done in the past three months. Of note, some participants included letting the
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water in their well settle as a form of cleaning, or just rinsing it when it was dry with available
water as a form of cleaning. Participants were also asked, “How far would you walk to access
clean water”. Most responded, “to the next well” or “to the River” and indicated that with those
sources nearby they would not consider going farther. Although there were no associations seen
between cleaning the well or specifically cleaning with Chlorox™ solution, there was a trend
towards significance with both gastritis (p = 0.09 for Well Cleaned and p = 0.11 for Well
Cleaned with Chlorox™) and lower gastrointestinal symptoms (p value = 0.16 with Well
Cleaned and p = 0.16 with Well Cleaned with Chlorox™).

When evaluating coliforms and E. coli by water source, with continuous instead of grouped
variables, the significance persisted. These values are shown in Figure 7 below. The testing of
coliforms by water source significantly higher levels of coliforms in well water (p = 0.0031). E.
coli by water source was not significant when all values were included (p = 0.1288). However,
review of the data showed one sample that was listed as a well sample but was heavily
contaminated with an E. coli measure of 2450 MPN, which was approximately an order of
magnitude higher than any other E. coli samples. This sample caused the standard deviation of
the E. coli measurements to be quite large. When that sample was excluded from the analysis,
the mean E. coli concentrations in well samples were found to be significantly higher than
pipe/city water samples (p = 0.0019). Significance of coliform levels was similar whether the
outlier was included or not (p=0.0031 with outlier, versus p=0.0048 without outlier).

Table 5 shows the evaluation of E. coli and coliforms with respect to sanitation conditions.
There was no significant difference seen in presence of E. coli or coliforms based on type of
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sanitation. However, as noted above, approximately half the data is missing as this was not
initially part of the questionnaire.

In Figure 8, linear regression analysis evaluating the association between conductivity and pH
showed a positive correlation with an R-square of 0.46 and a p value = 0.0001. The conductivity
levels are likely related to the concentration of ions in the water, in particular calcium ions. The
city/piped water came from deeper wells which likely had more calcium ions causing the water
to be more neutral or basic than the well samples, leading to a direct association between
conductivity and total pH.
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Table 1: Results of Water Testing Analysis in the El Bua Community: Total coliforms
concentration in MPN by water source, E. coli concentrations in MPN by water source, pH by
water source, Conductivity by water source, solids by water source, and salinity by water source
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Table 2: Means and Ranges of Water Testing Analysis in the El Bua Community: Total coliforms
concentration by water source, E. coli concentrations by water source, pH by water source,
Conductivity by water source, solids by water source, and salinity by water source
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Table 6. Comparison of means of E. coli in by water source (w=well, c=city/piped).

Figure 8: Linear Regression of Conductivity Versus pH
R-square = 0.46; p <0.0001
Formula for the line: pH = 5.5 + 0.007 (Conductivity)
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Discussion
This study investigated the association between water source and E. coli contamination in the
TsáChila community of El Bua, Ecuador. This cross-sectional study of bacterial contamination
and physical parameters of well water and city water showed a significant association between E.
coli and coliform contamination with usage of well water. Although the Pan American Health
Organization reports that Santo Domingo de los Tsáchilas has 47% access to public water,
assuming our 40-home sample is representative, our study suggests that the El Bua region has
less access to public water. Furthermore, high prevalence of coliforms and the presence of E.
coli in city water suggested potential contamination of the city/piped water. Of all the water
tested, only four samples, including the school city water sample, qualified as an “improved
source” using WHO criteria of being free from E. coli and accessible by tap (WHO, 2000).

Well water was noted to be quite variable in both contamination and physical characteristics.
This may indicate characteristics of local porous volcanic soil and drainage quality as well as
reflect by-products of local sewage including animal waste. The home sanitation and presence
of animals near the wells varied greatly from home to home. Even with frequent routine
disinfection of local wells, drinking water supplied by them could still harbor significant
diseases: Birds or animals fecal material can be deposited directly into the well between
cleanings, chlorine does not treat protozoans nor does it reduce bacteria protected by biofilms,
and finally high levels of flocs or other suspended particles can protect all types of organisms
(viruses, protozoa, etc.), keeping them from being adequately sterilized (OECD, 2003). Well
water also had significantly lower pH. It is unclear if this reflects the acidic byproducts of
bacterial metabolism (the bacteria make the water more acidic), if thermotolerant bacteria find
the acidic water more amenable to growth (if acidic water makes the bacteria grow), or some
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other possible association. Finally, participants reported they would not go far if they were
unable to get or use water from their well for personal needs.

The physical characteristics of city water were much more clustered around the means of pH,
total dissolved solids, conductivity, and salinity. This reflects consistency in the water provided
by the public utility. Elevated pH may reflect residual chlorine in the water. Decreased
coliforms (although still present) in most city water samples indicates disinfection use in the
water supply. However, even low-grade persistence of coliforms suggests that water should still
be boiled prior to use.

There was no significant difference in gastrointestinal complaints based on water source or levels
of contamination. There are many potential reasons for this. First, recall bias could have played
a role as the illnesses were self-reported, which may underestimate the prevalence in the
community. Second, only one person reported illnesses for everyone using the water source
(which in some cases was shared between homes), and that person may not have known about
illnesses in other homes that shared their water source. A more private, clinical setting where
expanded health histories could be taken from each community member may have yielded a
more accurate reporting of diseases. Finally, disease terms mean different things to different
people. Interviewees may not have understood the questions or forgotten about illnesses that
occurred in the past.

Lack of association between type of sanitation and E. coli and coliform levels was most likely
related to an incomplete data set and subsequent reduction of statistical power. Future study
should include complete data regarding sanitation and greater information on the wells such as
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depth and type of lining and protective coverings. This information could more accurately direct
interventions regarding both water sources and sanitation choices.

Study shortcomings that may have affected this data included field conditions for testing,
inability to do multiple duplicate samples temporally, and the inability to take comprehensive
medical histories from each community member. Site remoteness was a hardship, as all supplies
and testing materials had to be brought and carried on foot from home to home. Lack of an
incubator meant samples were incubated at lower than recommended temperatures, possibly
underestimating bacterial counts. Use of a household iron to seal the Quanti-Trays also
sometimes lead to under reporting bacterial counts, as some trays had empty cells.

Lack of associations between medical illnesses and water source could be due to several reasons.
First, illnesses were self-reported which often results in under-reporting. Second, not all
community members were able to be questioned about their medical history, only the designee
for each family water source that was interviewed. Finally, interviews were done in the
community, with the Tsáchila guide assisting. Lack of confidentiality and/or absence of a
clinical atmosphere for questioning may have resulted in under-reporting.

Other limitations of this study included the small sample size and that community members were
reticent to answer questions about the type and location of sanitation. Most interviewees did not
give discrete answers as to the distance between their water source and their sanitation disposal
site, preferring the answer in general terms such as “Over there” with a hand wave. Also, we did
not document the numbers and types of animals habituating about the water sources. Specific
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questions about medical illnesses may have not been known, remembered at the moment, or
understood correctly.

Priorities in the future for the El Bua community should focus on continued education regarding
proper treatment of unimproved water sources as well as improving access throughout the
community to city water. According to the World Health Organization, improved sources of
water should be of sufficient quality, sufficient quantity (preferably 100-200L/person/day to
ensure adequate drinking and sanitation, accessible (preferably on premises with multiple taps, or
at least no more than a thirty-minute walk round-trip), affordable, and have continuous
availability (WHO, 2011). By these standards, this community’s only improved water source is
city water, and no homes had more than one tap nor any sort of in-home treatment system. It is
unlikely that a centrally located cistern containing potable water or a treated water system, as
suggested by some aid organizations, would be used in El Bua. The community is spread out
over several square miles and villagers reported they would only go a short distance to get water
if their well or tap was unavailable (to the nearest river or neighbors). For the community at this
time, improving access to city water by improving infrastructure and affordability would be a
key component of improving access to clean water. Because there were no significant differences
in bacterial levels or in gastrointestinal symptoms between users of wells and users of city water,
the current process of washing of the wells or using a chlorine solution to clean wells does not
appear to be adequate for reducing contamination.

In conclusion, well-water in the El Bua community shows significant coliform and E. coli
contamination as well as significant variability in water quality parameters. Local sanitation
procedures, the presence of farm animals near water sources, and porous volcanic soil each likely
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contribute to contamination levels. Future directions should include increasing local access to
improved water supplies, such as improved access to city water and proper maintenance and
surveillance of the water distribution system. Improving sanitation to reduce the use of open
defecation and latrines without slabs could also improve local water quality.
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Photos

Photo 1(left) and 2(right): On the left, samples are taken from the Est. Cheche river.
On the right, samples were taken from an unprotected local spring that was considered by the
community to be the cleanest water source.

Photos 3(left) and 4(right) Samples being drawn from a well and tested for physical parameters
including temperature, pH, salinity, TDS, and conductivity with the Oakton PCSTestr 35 portable
testing device.
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Photo 5. Interviewing a homeowner about water usage with the Spanish translator, another family
member looks on.

Photo 6. Samples being taken from the city piped water at the El Bua Community School.
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Photos 7(right) and 8(left)Left: an open pit for defecation. Right. An outhouse.

Photo 9. This home has a septic tank, but it is located near a well.
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Photo 10. The author takes a break in the shade to write some notes.
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